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face as well as the synthesis of new organosilanes with amino and carboxyl groups for silica surface func-
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1. INTRODUCTION 
 
Currently large attention of researchers is focused 
on silica nanoparticles, doped with luminescent com-
plexes for the further development of nanotechnological 
approaches in sensor systems. A promising procedure 
for the preparation of luminescent silica nanoparticles 
is the introduction of luminophores inside silica nano-
particles followed by modification of their surface. The 
choice of lanthanide complexes as luminophores is due 
to their long lifetimes, considerably exceeding the life-
times of organic luminophores, narrow lines, and great 
Stokes shifts. Synthesis of silica nanoparticles can be 
performed by so called reverse microemulsion method 
[1]. In this method hydrolysis of tetraethylortosilane 
(TEOS) with subsequent polycondensation happens 
around water drop that’s why this method is useful for 
water-soluble luminophores. This method was success-
fully used in our previous works [2, 3] to obtain mono-
disperse nanosized luminescent silica nanoparticles 
with diameter near 150 nm in solution. In presented 
work design, synthesis of new chelate precursors and 
subsequent modification of silica surface by them is 
discussed. 
 
2. SYNTHESIS OF TRIALKOXY SILANES WITH 
CHELATE GROUPS 
 
One of the most effective chelate molecules is well 
known ethilenediaminetetraacetic acid (EDTA). The 
shortest way to synthesis trialkoxysilane with similar 
structure fragment was the reaction of triethoxysilyl 
propylamine (TESPA) with bromoacetic acid in the 
presence of base. We made this reaction according to 
literature method [4] with NaOH in water but observed 
only polycondensation products according to MALDI 
TOF and NMR measurements. We modified synthesis 
using t-butilbromoacetate, triethylamine as a base and 
toluene as solvent in inert atmosphere under reflux 
and identified product 1 as yellow oil with yield 75 % 
(Fig. 1). Product obtained was fully characterized by 
NMR 1H and GCMS. (1H NMR (400 MHz, CDCl3), δ 
3.76 (6H, (-O-CH2-CH3)), 3.38 (4H, (-CH2COOt-Bu)), 
2.67-2.58 (2H, (Si-CH2-CH2-CH2-NH-)), 1.57-1.48 (2H, 
(Si-CH2-CH2-CH2-NH-)), 1.40 (18H(-t-Bu)), 1.16 (9H,  
(-O-CH2-CH3)), 0.59-0.51(2H, (Si-CH2-CH2-CH2-NH-)). 
 
 
 
Fig. 1 – Synthetic rote for compound 1 
 
In the same manner we synthesized another pre-
cursor with four ester groups (Fig. 2). Product 2 as 
brown-yellow oil with yield 63 % was fully character-
ized by NMR 1H. (1HNMR (400 MHz, CDCl3), δ 3.46 (9H 
(-O-CH3)), 3.36-3.17 (8H (-CH2COOt-Bu)), 2.85-2.24  
(10H (-CH2-NH-), 1.43 (2H, (Si-CH2-CH2-CH2-NH-), 1.36 
(36H(-t-Bu)), 0.54-0.46 (2H, (Si-CH2-CH2-CH2-NH-)). 
 
 
Fig. 2 – Synthetic rote for compound 2 
 
3. SYNTHESIS OF FUNCTIONALIZED SILICA 
NANOPARTICLES.  
 
One of the most convenient methods of silica sur-
face modification is step-by-step synthesis, when firstly 
silica nanoparticles doped with luminophore are ob-
tained and after that polycondensation of trial-
koxysilane with the surface – OH groups leads to de-
sired product [4]. In our work we used complex of 
Tb(III) with p-sulfonatothiacalix[4]arene (TCAS) 
(Fig. 3) as luminescent dopant. 
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Fig. 3 –  Structure of Tb3+-TCAS complex 
 
The first step of reaction – synthesis of non-
functionalized silica nanoparticles – was done similar to 
literature methodology [5]. Next step of functionalization 
was performed using TEOS (0.5956 Mmol) and com-
pound 1 at the presence of ammonia. Variation of com-
pound 1 amount allowed us to functionalize a maximum 
space of silica surface. The most convenient method for 
surface modification control is measurement of zeta po-
tential – functionalization of nanoparticles should lead 
to near-zero zeta potential. As we see from table 1, the 
best result is synthesis 3 with Zeta potential – 0.38 mV 
and very good PDI 0.087. 
 
Table 1 – DLS and Zeta potential results. 
 
Concentration 
of 1, mmol 
Zeta poten-
tial, mV 
Average 
size, nm 
PDI 
0.099 – 45,1 134.8 0.102 
0.2475 – 25,2 146,2 0,112 
0.495 – 0.38 143,1 0,087 
 
According to IR spectroscopy there is a band 
1741 cm – 1 which is characteristic band for C  O in 
esters. 
 
4. CONCLUSIONS 
 
Summary, two new organosilanes for silica nano-
particles functionalization were obtained. Optimal pa-
rameters for functionalization of nanoparticles surface 
were found.  
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